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AM glad to hear from you, that the Study of 
the Mathematics is Promoted and Encouraged 
among the Youth of your Univerſity, The 
reat Influence, which theſe Sciences have on 
Phitofophy, and all uſeful Learning, as well as the 
Concerns of the Public, may ſufficiently recom- 
mend them to your Choice and Conſideration : And 
the particular Advantages, which You of that Place 
enjoy, give Us juſt Reaſon to expect from You a 
ſuitable Improvement in them. I have here ſent 
you ſome ſhort Reflections upon the Uſefulneſs of 
Mathematical Learning, which may ſerve as an Argu- 
ment to incite you to a cloſer and more vigorous 
Purſuit of it. | | 
In all Ages and Countries, where Learning hath 
prevailed, the Mathematical Sciences have been 
looked upon as the moſt conſiderable Branch of it. 
The very Name Mabness implies no leſs; by which 
they were called, either for their Excellency ; or 
becauſe, of all the Sciences, they were firſt taught; 
or becauſe they were judged to comprehend advre 
| A 2 74 
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2 Maliuere, And, amongſt thoſe, that are com- 


monly reckoned to be the Seven Liberal Arts, 
Four are Mathematical, to wit, Arithmetic, Muſic, 
Geometry, and Aſtronomy. | | 

But, notwithftanding their Excellency and Re- 
putation, they have not been taught nor ſtudy'd 
10 univerſally, as ſome of the reſt ; which I take 
to have proceeded from the following Cauſes : The 
Averſion of the greateſt Part of Mankind to ſerious 
Attention, and cleje Arguing ;, Their not comprehending 
ſufficiently the Neceſſity, or great Uſefulneſs, of theſe in 
other Parts of Learning; An Opinion that this Study 
requires a particular Genius and Turn of Head, which 
few are ſo happy as to be born with, And the Want 
of public Encouragement, and able Maſters, For 
theſe, and perhaps ſome other Reaſons, this Study 
hath been generally neglected, and regarded only 
by ſome few Perſons, whoſe happy Genius and Cu- 
rioſity have prompted them to it, or who have been 
forced upon it by its immediate Subſerviency to 
ſome particular Art or Office. | 

Therefore I think I cannot do better Service to 
Learning, Youth, and the Nation in general, than 


by ſhewing, That the Mathematics, of all Parts of 


human Knowlege, for the Improvement of the Mind, 


„ their Subſerviency to other Aris, and their Uſeful- 


neſs to the Commonwealth, deſerve moſt to be encou- 
raged. I know a Diſcourſe of this Nature will be 


offenſive to ſome, who, while they are ignorant of 


Mathematics, yet think themſelves Maſters of all 
valuable Learning: But their Diſpleaſure muſt not 
deter me from delivering an uſeful Truth. 

The Advantages which accrue to the Mind by 
Mathematical Studies, conſiſt chiefly in theſe Things: 
iſt, In accuſtoming it to Attention, 2dly, In giving 
it a Habit of cloſe and demonſtrative Reaſoning. 3dly, 
In freeing it from Prejudice, Credulity, and Super- 


ition. | 
4 Firſt, 
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Firſt, the Mathematics make the Mind atten- 
tive to the Objects, which it conſiders. | This they 
do by entertaining it with a great Variety of Truths, 
which are delightful and evident, but not obvious, 
Truth is the ſame thing to the Underſtanding, as 
Muſic to the Ear, and Beauty to the Eye; The Pur- 


ſuit of it does really as much gratiſy a natural Exculty 


ſenſual Plealures, The moſt Part of other Sciences 
conliſting only of probable Reaſonings, the Mind 
has not where to fix; and, wanting ſufhcient Prin- 
ciples to purſue its Searches upon, gives them over 
as impoſſible. M, as in Mathematical Inveſtiga- 
tions Truth may be found, & it is not always obvious: 
Thie ſpurs the Mind, and makes it diligent and at- 
tentive. In Geometria (ſays Quindlilian, lib. I. cap. 
10.) partem fatentur efjeutilem teneris etatibus : agitari 
namque animos, atfue acui ingenia, & celeritatem per- 
cipiendi venire inde concedunt. And Plato (in Repub. 
lib. VII.) obſerves, that the Youth, whoare furniſhed 
with Mathematical Knowlege, are prompt and quick 
at all other Sciences, rs wdv]e 74 Mabiud]e oA g t. 
Therefore he calls it 4/4 naidtiar ily. And, indeed, 
Youth is generally ſo much more e with 
Mathematical Studies, than with thę/ unpleaſant 
Taſks, that are ſometimes impoſed upon them, that 
I have known ſome reclaimed by them from Idle- 
neſs, and Neglect of Learning: and acquire in time 


a Habit of Thinking, Diligence, and Attention; 


Qualities, which we oußht to ſtudy by all means to 
beget in cheir deſultefy and roving Minds. 

The Second Advantage, which the Mind reaps 
from Mathematical Knowlege, is a Habit of clear, 
demonſtrative, and methodical Reaſoning, We are 
| 3 | _ contrived 


6 
contrived by Nature to learn by Imitation more than 
by Precept: And, I believe, in that reſpect, Reaſon- 


ing is much like other inferior Arts (as-Daneing, 
Singing, c.) acquired by Practice. By accuſtom- 
ing ourſelves to reaſon cloſely about Quantity, we 


acquire a Habit of doing ſo in other 10 0 It is 
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ſurpriſing to ſee, what ſuperficial inconſequential 
ind., A 


Reaſonings ſatisfy the moſt Part of Ma 

Piece of Wit, a Jeſt, a Simile, or a voraeton of 

an Author, paſſes for a mighty Argument: With 

ſuch things as theſe are the moſt Part of Authors 

ſtuffed ; and from theſe weighty Premiſes they infer 

their Concluſions. This Weakneſs and Effeminacy 

of Mankind in being perſuadgd where they are de- 

lighted, have made them e Sport of Orators, 

Poets, and Men of Wit. / Thoſe lumina orationis 

are indeed very good Diverſion for the Fancy, 

but are not the proper Buſineſs of the Underſtand- 

ing; and where a pretends to write on abſtract N 

Subjects in a ſcienfifical Method, he ought not to | 

debauch in them / Logical Precepts are nh uſeful, 

nay, they are abſolutely neceſſary, for a Rule of 

formal Arguing in public Difputations, and con- 

founding an obſtinate and perverſe Adverſary, and 

expoſing him to the Audience or Readers. But, 

in the Search of Truth, an Imitation of the Method 

of the Geometers will carry a Man farther than all 

the Dialectical Rules. Thęir Alalyſis is the proper W. 

Model we ought to form Surſglves upon, and imitate 1 

in the regular Diſpoſitign, and gradual Progreſs, of 

our Inquiries ; and eytn he, who is ignorant of the 

ö Nature of Mathenaticgi Analyſis, uſes a Method 

L a ſomewhat analo it. The. Camgeſitiou of the 

| and * r r Method of demonſtrating Truths 

already found out, viz. by Definitions of Words agreed 

upon, by ſelf-evident Truths, and Propoſitions that have 

been already demonſtrated, is practicable in other Sub- 

jects, tho not to the ſame Perfection, the _— 
5 1 : 5 * N \ ant 
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Want of Evidence in the things themſelves not allow- 


ing it; but it is imitable to a conſiderable Degree. 
I dare appeal to ſome Writings of our own Arge and 
Nation, the Authors of which have been mathema- 
tically inclined, *I ſhall add no more on this Head, 
but, that one, who is accuſtomed to the methodical 
Syſtems of Truths, which the Geometers have reared 
up in the ſeveral Branches of thoſe Sciences, which 
they have cultivated, will hardly bear with the Con- 
fuſion and Diſorder of other Sciences, bdwwndeavour; 


Thirdly, Mathematical Knowlege adds a manly 
Vigour to the Mind, frees it from Prejudice, Credulity, 
and Superſtition. This it does two Ways: iſt, By 
accuſtoming us to examine, and not to take things 
upon Truſt. 2dly, By giving us a clear and, exten- 
ſive Knowlege of the Syſtem of the World ; 


great an Enemy Mathematics are to Su 
appears from this, That in thoſe Coungries, where 


o are fully per- 


the Minds of Men, Aſtronomers, 
„dare noApeak 


ſuaded of the Motion of the E 
out: But tho' the Inguiſition 
tion, the Pope, and a gene 


Opinion. Perhaps, tis may hav 
to a calumnious Suggeſtion, as if Mathematics were 
an Enemy to Reh f 
both on the one and the other; for Truth can never 
be. an Enemy to true Religion, which appears 
always to the beſt Advantage, when it is moſt exa- 
mined. | 
| Si propits ſtes, 

Te capiet mag i. 


On 


ion, which is a Scandal thrown 


which, *s creates in us 8 profound Re- 
verence of nee, and we Creator; f . 
Al freef us from the mean nd narrow Thoughts, win 


 -— Ignorance and Superſtition are apt to beget. 
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(3 ] 
On the contrary, the une are Friends to 
Religion; inaſmuch as they charm the Paſſions, 
reſtrain the Impetuoſity of Imagination, and purge 
the Mind from Error and Prejudice. Vice is Error, 
Confuſion, and falſe Reaſoning; and all Truth is 
more or leſs oppoſite to it. Beſides, Mathematical 
Studies may ſepve for a/pleaſant Entertainment for 
thoſe Hours, Aobich young Men are apt to throw 
away rr. their Vices; the Delightfulneſs of them 
being ſuch, as to make Solitude not only eaſy, but 
deſirable: | | 
What I have ſaid may ſerve to recommend Ma- 
thematics for acquiring a vigorous Conſtitution of 


Exerciſe is for procuring Health and Strength to 
the Body. I proceed now to ſhew their vaſt Extent 
and Uſefulneſs in other Parts of Knowlege, And 
here it might ſuffice to tell you, that Mathematics is 
the Science of Quantity, or the Art of Reaſonin 
about things that are capable of More and Leſs ; an 
that the moſt Part of the Objects of our Knowlege 
are ſuch; as Matter, Space, Number, Time, Mo- 
tion, Gravity, &c. We have but imperfect Ideas of 
Things without Quantity, and as imperfect a one of 
N itſelf without the Help of Mathematics. 
All the viſible Works of God Almighty are made 
in- Number, Weight, and Meaſure: Therefore, to 
conſider them, we ought to underſtand Arithmetic, 
Geometry, and Statics: And the greater Advances 
we make in thoſe Arts, the more capable we are 
of conſidering ſuch things, as are the ordinary Ob- 
jects of our Conceptions. But this will farther ap- 
pear from Particulars. 
And, firſt, if we conſider, to what Perfection 
we now know the Courſes, Periods, Order, Diſtances, 
and Proportions of the ſeveral great Bodies of the 
Univerſe, at leaſt, ſuch as fall within our View; 


we ſhall have Cauſe to admire the Sagacity and In- 
| Aauſtry 


| 1 Mind; for which Purpoſe they are as uſeful, as 
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duſtry of the Mathematicians ; and the Power of 
Numbers and Geometry well applied. Let us caſt our 
Eyes backward, and conſider Aſtronomy in its In- 
fancy: Or rather let us ſuppoſe it ſtill to begin: For 
Inſtance ;z a Colony of rude Country People, tranſ- 
Planted into an Iſland remote from the Commerce 
of all Mankind, without ſo much as the Knowlege 
of the Kalendar, and the Periods of the Seaſons, 
without Inſtruments to make Obſervations, or any 
the leaſt Notion of Obſervations or Inſtruments. 
W hen is it we could expect any of their Poſterity 
ſhould arrive at the Art of predicting an Eclipſe? , 
Not only ſo, but the Art of reckoning all 
Eclipſes that are paſt or to come, for any Number 
of Years? When is it we could ſuppoſe, that one 
of thoſe Iſlanders, tranſported to any other Place of 
the Earth, ſhould be able, by the Inſpection of the 
Heavens, to find how much he were South or North, 
Eaſt or Weſt of his own Iſland, and to conduct 
his Ship back thither ? For tho' I know 
this may be and is daily doge, by Mat is known in 
Aſtronomy z yet when I cofiſider te vaſt Induſtry, 
Sagacity, Multitude of @bſervatyons, and other ex- 
trinſic Things neceſſary for ſuch a ſublime Piece of 
Knowlege, 1 ſhould Be apt ig pronounce it impoſ- 
ſible, and never to be hoped for. Now we are let 
ſo much into the Knowlege of the Machine of the 
Univerſe, and Motion of its Parts, by the Rules of 
this Science, perhaps the Invention may ſeem eaſy, 
But when we reflect, what Penetration and Contri- 
vance were neceſſary to lay the Foundations of ſo 
great and extenſive an Art, we cannot but admire 
its firſt Inventors: As Thales Mil-fius, who, as Dio— 
genes Laertius and Pliny ſay, firſt predicted Eclipſes; 
and his Scholar Anaximander Mileſius, who found 
out the globous Figure of the Earth, the Equi- 
noctial Points, the Obliquity of the Ecliptic, the 
Principles of Gnomonics, and made the firit Sphere 
B or 
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or Image of the Heavens; and Pythagoras, to whom 
we owe the Diſcovery of the true Syſtem of the 
World, and Order of the Planets :+ Though, it 
may be, they were aſſiſted by the Egyptians and 
Chalazans. But whoever they were, that firſt made 
rheſe bold Steps in this noble Art, they deſerve the 
Praiſe and Admiration of all future Ages, 


Felices animos, quibus hæc cognoſcere primis, 
Inque domos ſuperas ſcandere cura fuit ! 
Credibile eſt illos pariter vitiiſque jociſque 
Altius kumanis exſeruiſſe caput. | 
Non Venus & vinum ſublimia pectora fregit; 
Officiumve fori, militieve labor. 
Nec levis ambitio, perfuſaque gloria fuco, 
Magnarumve fames ſollicitavit opum. 
Admovere oculis diſtantia ſidera naſtris; 
LEtheraque ingenio ſuppoſuere ſuo. 
Ovid. in Je Faſt, 


But tho' the Induſtry of former Ages had diſco- 


ver*d the Periods of the great Bodies of the Uni- 


verſe, and the true Syſtem and Order of them, and 
their Orbits, pretty near; yet was there one thing 


ſtill reſerved for the Glory of this Age, and the 


Honour of the Exgliſb Nation, the grand Secret of 
the whole Machine ; which, now it is diſcovered, 
wm to be (like the other Contrivances of Infinite 

iſdom) ſimple and natural, depending upon the 
moſt known and moſt common Property of Matter, 
viz," Gravity, From this the incomparable Mr. 
Newton has demonſtrated the Theories of all the 
Bodies of the Solar Syſtem, of all the primary Pla- 
nets, and their Secondaries, and, among others, the 
Moon, which ſeem'd moſt averſe to Numbers: And 
not only of the Planets, the ſloweſt of which com- 
pletes its Period in leſs than half the Age of a Man, 
but hkewiſe of the Comets, ſome of which, it is 

| 3 probable, 
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probable, ſpend more than 2000 Years in one Revo- 


lution about the Sun; for whoſe Theory he has 


laid ſuch a Foundation, that after Ages, aſſiſted 
with more Obſervations, may be able to calculate 
their Returns. In a Word, the Proceſſion of the 
Equinoctial Points, the Tides, the unequal Vibra- 
tion of pendulous Bodies in different Latitudes, &c. 
are no more a Queſtion to thoſe, that have Geometry 
enough to underſtand what he has delivered on 
thoſe Subjects: A Perfection i Philoſophy, , 
the boldeſt Thinker durſt ha 


the Reputation of this Naſon, as long/as the Fa- 
bric of Nature ſhall engure. AfterAhis, what is 
it we may not expect rom Geometyy, joined to Ob- 
ſervations and Experttnents ? 

The next conſiderable Object of Natural Know- 
lege, I take to be Light. How unſucceſsful In- 
quiries are about this glorious Body without the- 
Help of Geometry, may appear from the empty and 
frivolous Diſcourſes and Diſputations of a Sort of 
Men, that call themſelves Philo/ophers z whom no- 
thing will ſerve, fexſaath, but the Knowlege of the 
very Nature, and intimate Cauſes, of every thing: 
While, on the other hand, the Geometers, not trou- 
bling themſelves with thoſe fruitleſs Inquiries about 
the Nature of Light, have diſcovered Two remark- 
able Properties of it, in the Reflexion and Refraction 
of its Beams: And from thoſe, and their Streight- 
neſs in other Caſes, have invented the noble Arts 
of Optics, Catoptrics, and Dioptricsz teaching us to 
manage this ſubtile Body for the Improvement 
of our Knowlege, and uſeful Purpoſes of Lite. 
They have likewiſe demonſtrated the Cauſes of 
ſeveral celeftial Appearances, that ariſe from the 
Inflexion of its Beams, both in the heavenly Bo- 
dies themſelves, and other Phænomena, as Parbelia, 
the Iris, &c, and by a late Experiment they have 

| | + Ss diſcovered 


[ 22 ] 


diſcovered the Celerity of its 
ſhall know yet more ſurprizi 


of "Light 
P gratify the 
Light and Colours. 

The Fluids which involve our Earth, viz. Air and 
Water, are the next great and conſpicuous Bodies, 
that Nature prefents to our View: And, I think, 
we know little of either, but what is owing to Me. 
chanics and Geometry, The Two chiefeſt Properties 
of Air, its Gravity, and elaſtic Force, have been diſ- 
covered by Mechanical Experiments. From thence 
the Decreaſe of the Air's Denſity, according to the 
Increaſe of the Diſtance of the Earth, has been de- 
monſtrated by Geometers, and confirmed by Experi- 


ments of the Subſidence of the Mercury in the Tor- 
ricellian Experiment. From this likewiſe, by Aſſiſt- 


ance of Geometry, they have determined the Height 
of the Atmoſphere, as far as it has any ſenſible Den- 
firy ; which agrees exactly with another Obſervation 
of the Duration of the Twilight, Air and Water 
make up the Object of the Hydraſtatics, tho' deno- 
minated only from the latter, of which the Prin- 
ciples were long ſince ſettled and demonſtrated 
by Archimedes, in his Book wer, ri 'Oy»uiren, 
where are demonſtrated the Cauſes of ſeveral ſur- 
prifing Phenomena of Nature, depending only 
on the Æquilibrium of Fluids, the relative Gravities 

of thele Fluids, and of Solids ſwimming or ſinking 
therein. Here alſo the Mathematicians conſider 
the different Preſſures, Reſiſtances, and Celerities 
of Solids moved in Fluids : From whence they ex- 


plain a great many Appearances of Nature, unin- 


telligible to thoſe who are ignorant of Geometry. 
Nexr, if wedeſcend to the Animal Kingdom, there 
we may ſee the brighteſt Strokes of Divine Me- 


chanics. And whether we conſider firſt the Animal 


Oeconemy in general, either in the internal Motion 


and Circulation of the Juices forced through the. 
ſeveral 


11 


ſeveral Canals by the Motion of the Heart, or their 
external Motions, and the Inſtruments where with 
theſe are performed, we muſt reduce them to Me- 
chanical Rules, and confeſs the Neceſſity of the 


Knowlege of Mechanics to underſtand them, or 


explain them to others. Borelli in his excellent 
Treatiſe de Motu Animalium, Steno in his admirable 
NMyol-gie Specimen, and other Mathematical Men, on 
the one hand, and the nonſenſical, unintelligible 
Stuff that the common Writers on theſe Subjects 
have Rlled their Books with, on the other, are ſuffi- 
cient Iuſtances to ſhew, how neceſſary Geometry is 
in ſuch Speculations. The only Organ of an Ani- 
mal Body, whoſe Structure and Manner of Opera- 
tion is tally underſtood, has been the only one, 
which the Geometers have taken to their Share to 
conſider, & i incredible, how ſillily the greateſt 
and ableſt e} vſitians talked of the Parts of the Eye 
and their U&, and of the Modus Viſionis, before 
Kepler by his G-vwarry found it out, and put it 
palt Diſpute, tha _ applied themſelves parti- 
cularly to this, and v themſelves on it: And 
Galen pretended a pa: eular Divine Commiſſion to 
treat of it, Nay, not witi.ſtanding the full Diſcovery 
of it, ſome go on in copying their Predeceſſors, 
and talk as Ungeometrically as ever, It is true, we 
cannot reaſon ſo clearly of the internal Motions of 
an Animal Body, as of the external, wanting ſuffi- 
cient Data, and deciſive Experiments: But what 
relates to the 4atter (as the Articulation, Structure, 
Inſertion, and Vires of the Muſcles) is as ſubject 
to ſtrict Mathematical Diſquiſition, as any thing 
whatſoever z and even in the Theory of Difſcaſes, 
and their Cures, thoſe, who talk Mechanically talk 
moſt intelligibly. Which may be the Reaſon for 
the Opinion of the antient Phyſicians, that Mathe- 
matics are neceſſary for the Study of the Medicine 


itſelf, for which Ieonkd&brag long Quotations * 
| 0 


4 4, 


* 


[ 14 ] 


of their Works. Among the Letters that Are aſcrib'd 

to Hippocrates, there is one to his Son fſheſſalus, re- 

commending to him the Study of Arithmetic and 

Geometry, as neceſſary to Medicine. Galen in his 

Book, intituled, 57: des ia7pos nat iAioopSy, begins, 
TOLD T. m 34018 of TANG TOY ddaytay, emvupirres iv 

"Oavumriovizes tyre, wider Se MY, ws Tere rue, 

£Ti|nd el of]es, TosTw T1 ual Tols monadls Tay id]par ouvuiCiCn- 
xe · k ν⁊ů ji e ydp Lr TN, 
EVER Se auTs en d Holoig exe vꝙ rel Ark ij Toro TEA TIEOT 
a ue Yap s Wikesv woiegs es igen qnor ouvpCdnnccR The 
&Segmpiar ,\ ads Synoriti, THY e ννν e of avdyuns 


Yee be Is 8. wiror gail pilipyovlar Terov xSeTEEON, 
GANG Kat To; piſteow-rfipolar. If one of the Reaſons 
of the Antients for this be now ſomewhat un- 
faſhionable, to wit, becauſe they-chought a Phyſi- 
cian ſhould be able to know/the Situation and 
Aſpects of the Stars, which they believed had Influ- 
ence upon Men and their Diſeaſes, (and poſitively 
to deny it, and ſay, that they have none at all, is the 
Effect of Want of Obſeryation) we have a much ) 
better and undoubted one in its room; viz. That 3 
Mathematics are found to be the beſt/Inſtrument of 4 
promoting Natural Kyowlege. 2dly, If we con- ; 
fider, not only the Animal Oecongmy in general, | 
but l;ikewiſe the wonderful Structure of the differ- 3 
Is, according/ to the different * 

they were deſign'd, the various 9 
Elements they jahabit, the ſevefal Ways of pro- 
curing their Nouriſhment, and/ propagating their 
Kind, thgęeifferent Enemies they have, and Acci- 


dentsthey are ſubject to, here is ſtill a greater Need q 
of Geometry. It is pity, that the Qualities of an 1 
expert Anatomi , and ſkilfu Geometer, have ſeldom _ 5 


met in the ſame When ſuch a one ſhall $ 
appear, there is a whole Terra incognita of delight- 2 
ful Knowlege to employ his Time, and reward his 

» Induſtry, 7 


ts 
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As for the other two Kingdoms; Borelli, and other 
Mathematical Men, ſeem to have talked very clearly 


of Vegetation: And Steno, another Mathematician, 


in his excellent Treatiſe de Solido intra Solidum natu- 
raliter contento, has apply'd this Part of Learning 
very handſomely to Foils, and ſome other Parts of 
Natural Hiſtory. I ſhall add only one thing more, 
That if we conſider Motion itſelf, the great Inſtru- 
ment of the Actions of Bodies upon one another, 
the Theory of it is intirely owing to the Geometers z 
who have demonſtrated its Laws both in hard and 
elaſtic Bodies; ſhewed how to meaſure its Quan- 
tity, how to compound and reſolve the ſeveral 


Forces, by which Bodies are agitated, and to deter- 


mine the Lines, which thoſe compound Forces make 
them deſcribe : Of ſuch Forces Gravity, being the 
moſt conſtant and uniform, affords a great Variety 
of uſeful Knowlege, in conſidering ſeveral Mo- 
tions that happen upon the Earth; viz. As to the 
free Deſcent of heavy Bodies; The Curve of Pro- 
jectiles; The Deſcent and Weight of heavy Bodies, 
when they lie on inclined Planes; The Theory of 
the Motion of pendulous Bodies, c. 

From what I have ſaid, I ſhall draw but one Co- 
rollary, That a Natural Philoſopher without Mathe- 
matics is a very odd Sort of a Perſon, that reaſons 
about things that have Bulk, Figure, Motion, Num- 
ber, Weight, &c. without Arithmetic, Geometry, Me- 
chanics, Statics, &c. I muſt needy ſay, I have the 
laſt Contempt for thoſe Gentlemen, tha 


explain how the Earth 10 framed,/and yet can 


hardly meaſure an Acre of Groung upon the Sur- 
face of it: And as the Philoſopher ſpeaks, Qui re- 
pente pedibus illotis ad Philoſophos divertunt, non hoc eſt 
ſatis, quod ſint omnino, d t, d ug, 4y:outrpilor 
fed legem etiam dant, qua Philoſophari diſcant. 

The Uſefulneſs of Mathematics in ſeveral other 
Arts and Sciences is fully as plain, They were looked 


Up 
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rpon by the antient Philoſophers as to the Key to 


all Knowlege. Therefore Plato wrote upon his 
School, Obel dytouirpmres eioirw, Let none unſkilled 


in Geometry enter; and AXenocrates told one ignorant 


in Mathematics, who deſired to be his Scholar, that 
he was fitter to card Wool, acdc ydg in Eyes ©1a0- 
copias, You want the Handle of Philoſophy, viz. Geo- 
metry, There is no underſtanding the Works of 


the antient Philoſophers without it. Theo, Smyrneus 
has wrote a Book, intituled, An Explanation of 


thoſe things in Mathematics, that are neceſſary for 
the Reading of Plato: Ariſtotle illuſtrates his Pre- 
cepts, and other Thoughts, by Mathematical Exam- 
pies 3 and that not only in Logic, &c. but even in 
Ethics, where he makes uſe of Geometrical and 
Arithmetical Proporcion, to explain commurative 
and diſtributive Juſtice. 

Every body knows, that Chronology and Geogra- 
phy are indiſpenſable Preparations for Hiſtory; a 
Relation of. Matter of Fact being a very lifeleſs in- 
ſipid thing, without the Circumſtances of Time and 
Place. Nor is it ſufficient for one, that would 
underſtand things thoroughly, that he knows the 
Topography, that is, the Name of the Country, 
where ſuch a Place lies, with thoſe of the near 
adjacent Places, and how theſe lie in reſpect of 
one another; but it will become him likewiſe to 
underſtand the ſcientifical Principles of the Art: 
that is, to have a true Idea of a Place, we ought 
to know the Relation it has to any other Place, as 
to the Diſtance and Bearing, its Climate, Heat, 
Cold, Length of Days, &c. which things do much 
enliven the Reader's Notion of the very Action it- 
ſelf. Juſt ſo, it is neceſſary to know the technical 


or doctrinal Part of Chronology, if a Man would 


be thoroughly ſkilled in Hiſtory, it being impoſ- 
ſibhle, without it, to unravel the Confuſion of Hiſ- 


torians. I member Mr. Halley has ns 
| | the 


: 


1 
the Day and Hour of Julius C2/ar's Landing in 
Britain, from the Circumſtances of his Relation. 
And every body knows, how great Uſe aur i 

ble Hiſtorian Mr. Dodell has ade of the 
calculated Times of Eclipſes, for ſettling the Times 
of great Events, which before re, as to this eſſen- 
tial Circumſtance, almoſt fahqſous. Both Chronology 
and Geography, and alſo e Knowlege of the Sun's 
and Moon's Motions, Ao far as they relate to the 
Conſtitution of the Mlendar and Year, are neceſſary 
to a Divine; and ha ſadly ſome otherwiſe Eminent 
have blundered/ when they meddled with things 


that relate to theſe, and border on them, is too 
apparent. | | 
Nobody, I think, will queſtion the Intereſt, 


that Mathematics have in Painting, Muſic, and 


Architecture, which are all founded on Numbers; 
Perſpective, and the Rules of Light and Shadows, 
are owing to Geometry and Optics: And, I think, 
thoſe Two comprehend pretty near the whole Art 
of Painting, except Decorum and Ordinance; which 
are only a due Obſervance of the Hiſtory and Cir- 
cumſtances of the Subject you repreſent : For, by 


Perſpective, may be underſtood the Art of de- 


ſigning the Outlines of your Solid, whether that 
be a Building, Landskip, or Animal: And the 
Draught of a Man is really as much the Perſpective 
of a Man, as the Draught of a Building is of a 
Building; tho', for particular Reaſons, as becauſe it 
_ = e crooked _ Sc. it is hard to 
reduce the Perſpective of the former, to the ordinary 

eſtabliſhed Rule. 2855 | : 
If Mathematics had not reduced Muſic to a regu- 
lar Syſtem, by contriving its Scales, it had been no 
Art, but enthuſiaſtic Rapture, left to the roving 
Fancy of every Practitioner. This appears by the 
extraordinary Pains, which the Antients have taken 
to fit Numbers to Three 9 of Muſic, the Diata- 
ne, 


2 5 eas _ 
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vic, Chromatic, and Enharmonic : Which if we con- 
ſider with their Nicety in diſtinguiſhing their ſeveral 
Modes, we ſhall be apt to judge, they had ſomething 
very fine in their Muſic, at leaſt, for moving the 
Paſſions with ſingle Inſtruments and Voices. But 
Miu ſic had been imperfect ſtill, had not Arithmetic 
ſtepped in once more, and Guido Aretinus, by in- 
venting the Temperament, making the Fifth Falſe 
by a certain determined Quantity, taught us to tune 
our Organs, and intermix all the Three Kinds of 
the Antients, to which we owe all the regular and 
noble Harmony of our modern Muſic. 

As for Civil Architeſgture (of Military I ſhall ſpeak 
afterwards) there is hardly any Part of Mathematics, 
hut is ſome way ſubſervient to it. Geometry and Arith- 
metic, for the due Meaſure of the ſeveral Parts of a 
Building, the Plans, Models, Computation of Ma- 
terials, Time, and Charges; for ordering right its 
Arches and Vaults, that they may be both firm and 
beautiful: Mechanics, for its Strength and Firmneſs, 


| | tranſporting and raiſing Materials: And Optics, for 
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the Symmetry and Beauty. And I would not have 
any aſſume the Character of an Architect without a 
competent Skill in all of theſe, You ſee that Vitru- 
_ wius requires thefe, and many more, for making a 
complete Archite#, I muſt own, that ſhould any 
one ſet up to practiſe in any of the fore-mentioned 
Arts, furniſhed only with his Mathematical Rules, 
he would produce but very clumſy Pieces. He, 
that ſhould pretend to draw by the Geometrical 
Rules of Perſpective, or compoſe Muſic merely by 
his Skill in harmonical Numbers, would ſhew bur 
*'aukward' Performances. In thoſe compos'd Sub- 
Jets, beſides the ſtiff Rules, there muſt be Fancy, 
Genius, and Habit. Yet; nevertheleſs, theſe Arts 
owe their Being to Mathematics, as laying the Foun- 
dation of their Theory, and affording them Pre- 
tepts, which, being e nce invented, are ſecurely rely'd 

x upon 
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upon by Practitioners. Thus many deſign, that 
know not a Tittle of the Reaſon of the Rules they 
practiſe by; and many, no better qualify d in their 
way, compoſe Muſic, better, perhaps, than he could 
have done, that invented the Scale, and the Numbers 
upon which their Harmony is founded. As Mathe- 
matics laid the Foundation of theſe Arts, ſo they 
muſt improve them: And he, that would. invent, 
muſt be ſkill'd in Numbers: Beſides, it is fit a Man 
ſhould know the true Grounds and Reaſons of what 
he ſtudies: And he that does ſo, will certainly prac- 
tiſe in his Art with greater Judgment and Variety; 
where the ordinary Rules fail him, 

I proceed now to ſhew the more. immediate Uſe. 
fulneſs of Mathematics in Civil Affairs. Jo begin 
with Arithmetic, it were an endleſs Task to relate 
its ſeveral Uſes in public and private Buſineſs. The 
Regulation and quick Diſpatch of both ſeem intirely 
owing to it. The Nations, that want it, are altoge- 
ther barbarous, as ſome Americans, who can hardly 
reckon above Twenty. And, I believe, it would go 
near to ruin the J rade of the Nation, were the caſy 
Practice of Arithmetic aboliſhed : Fop Example, 
were the Merchants and Tradeſmen obliged to make 
uſe of no other than the Roman way of Notation 
by Letters, inſtead of our preſent. And if we 
ſhould feel the Want of our Arithmetic in the eaſieſt 
Calculations, how much more in thoſe,: that are 
fomething harder? as Intereſt ſimple and compound, 
Anauities, Sc. in which, it is incredible, how 
much the ordinary Rules and Tables influence the 
Diſpatch of Buſineſs. Arithmetic is not only the 
great Inſtrument of private Commerce, but by it 
are (or ought to be) kept the public Accounts of a 
Nation: I mean thoſe, that regard the whole State 
of a Commonwealth, as to the Number, Fructifi- 
cation of its People, Increaſe of Stock, Improve. 
ment of Lands and : Manufactures, Balance of 
. C 2 Trade, 
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Trade, Public Revenues, Coinage, Military Power 
by Sea and Land, Sc. Thoſe that would judge ar 
reaſon truly about the State of any Nation, muſt 
go that way to work, ſubjecting all the fore- men- 
tioned Particulars to Calculation. This is the true 
Political Knowlege. In this reſpect the Affairs of 
a Commonwealth differ from thoſe gt a private 
Family, only in the Greatneſs and Multitude of 
Particulars, that make up the Accoymts. Machiavel 

oes this way to work in his Acgount of different 

ſtates. What Sir William Petty/and ſeveral others 
of our Countrymen, have wrote in Political Arith- 
metic, does abundantly ſhew fhe Pleaſure and Ule- 
fulneſs of ſuch Speculations/ - It is true, for want 
of good Information, theiy/Calculations. ſometimes 

roceed upon erroneous N ppoſitions: But that is not 
the Fault of the Art. But what is it the Govern- 
ment could not perform in this way, who have the 
Command of all pubic Records? 

Laſtly, Number are applicable even to ſuch 
ie as ſeem to be governed by no Rule, I mean 
ſuch as depend on Chggre; the Quantity of Pro- 
bability and Proportion & it in any Two propoſed 
Caſes being ſubject to Cakulation as much as any 
thing elſe. Upon thisdepend the Principles of Game. 
We find Sharpers know enough of this, to cheat 
ſome Men that would take it vey ill to be thought 
Bubbles: And one Gameſter exc> ds another, as 
he has a greaterSagacity and ReadinelNp * 
his Probability to win or loſe in any pro zoſed Caſe. 
To underſtand the Theory of Chance thoroughly, 
requires a great Knowlege of N e and, ry 


competent one of Algebra, N 


The ſeveral Uſes of Geometry are not mich ewer 
than thoſe of Arithmetic. It is neceflary for aſcer- 
taining of Property both in Planes and-Solids, or 
in Surveying and Gauging. By it, Land is fold by 
the Meare, as well : as Cloth : Workmen are 2 

the 


ES 

the due Price of their Labour, according to ſuper- 
ficial or ſolid Meaſure of their Work : And the 

vantity of Liquors determined for a due Regu- 
lation of their Price and Duty. All which do wons 
derfully conduce to the eaſy Diſpatch of Buſineſs, 
and the preventing of Frauds and Controverſies, 
I need not mention the meaſuring Diſtances, layin 
down of Plans and Maps of Countries, in whict 
we have daily Experience of its Uſcfulneſs. Theſe 
are ſome familiar Inſtances of things, to which Geo- 
metry is ordinarily applied: OH -n, Mi- 
litary, and Naval Archiled half Peak after 
n | 
From Aſtronomy we have the regular Diſpoſition 
of our Time, in a due Succeſſion of Years, which 
are kept within their Limits as to the Return of the 7 
| Seaſons, and the Motion of the Sun. This is no 
ſmall Advantage for the due Repetition of the ſame '< 
Work, Labour, and Actions. For many of our 
| Public, Private, Military, and Country Affairs, Ap- * 
| pointments, c. depending on the Products of the 
Ground, and they on the Seaſons; it is neceſſary, 

that the Returns of them be adjuſted pretty near to 

the Motion of the Sun: And we Ahould quickly 

find the Inconveniency of a p&gue undetermined 

Year, if we uſed. that of the Mahumetans, whoſe 

Beginning, and every Month, wanders through all 

the Days of ours or the Solar Year, which ſhews 
the Seaſons. 1 1 the adjuſting of the Moon's 

Motion to the Surys is required for the decent Ob- 
ſervation and Celebration of the Church-Feafts and 
Faſts, according to the antient Cuſtom, and primitive 
Inſtitution 3 and, likewiſe, for the knowing of the 
Ebbing and Flowing of the Tides, the Spring, and 


Neap Tides, Currents, o that whateyer ſome 
People may think of "mance wh all theſe 
are ſet down, it is gfeentin <3he moſt uſeful Paper 


C 

A 
that is publiſhed the ſame Y ith it: Nay, the 
r ; 9 Nation 
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Nation could better ſpare 


Works of Nature; 
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the voluminous Au- 
thors in the Term-Cafalogngy than that ſingle Sheet. 
Beſides, without a reguKr Chronology, there can 
be no certain Hiſtory ; which appears by the Con- 
faſten amongſt Hiſtorians before the right Difpoſi- 
tion of the Year, and, at prefent, among the Artz, 
who have the ſame Confuſion in their Hiftory as in 
their Kalendar. Therefore, a Matter of fuch Im- 
portance might well deferve the Care of the Great 
Emperor, to whom we owe our preſent Kalendar ; 
who was himſelf a great Proficient in Aſtronomy. 
Pliny has quoted ſeveral thi 
the Riſing and Setting of t 
25, 26, Sc. and Lucan 


The Mechanics have produced fo many ufeful 
Engines, ſubſervient to Conveniency, that it would 
be a Taſk too great to relate the ſeveral Sorts of 
e of thom keep Life itſelf from being 
| { It we/confider ſuch, as are invented 
for raifigg Weights, and are employed in Building, 
and other great Works, in which no Impediment 
is too/ great for them; or Hydraulic Engines for 
raifinp of Waßer, ſerving for great Uſe and Com- 
fort/to Mankind, where they have no other way to 


been invetited by Mankind fg Delight and Curio- 


of Animals, or other 
| | have Reaſon to admire 
An Art. What ſhall we * 

IR Pa 


ſity, imitating the Moti 


and extol {6 excellek 
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of the {Everal Inſtruments, which are contrived to 
meaſure Time? We ſhould quickly find the Value 
of them, if we were reduced to the Condition of X 
thoſe barbarous Nations that want them. The Pen- 
dulum Clock, invented and completed by that famous 
Mat bemalician Monſieur Huygens, is an uſeful In ven- 
tion. Is there any thing more wondeeful, than ſeve- 
ral Planetary Machines, which have been invented 
to ſhew the Motjons of the h&avenly Bodies, and 
their Places at any time? OF which the moſt inge- 
nious, according exacteſt Numbers, and true 
Syſtem, was made the ſame M. Hzygens : To 
which we may very juſtly apply Claudian's noble 
Verſes upon that of Archimedes : 


Jupiter in parvo cum cerneret athera vitro, 
_ . Rifit, & ad ſuperos talia dicta dedit : 
Huccine mortalis progreſſa potentia cure ? 
Jam meus in fragili luditur orbe labor. 
Fura poli, rerumque fidem, legeſque Deorum 
Ecce Syracuſius tranſtulit arte ſenex. 
LIucluſus variis famulatur ſpiritus aſtris, 
Et vivum certis motibus urget opus. 
Percurrit proprium mentitus Signifer annun, 
Et ſimulata novo Cynthia meuſe redit. 
 Famg; ſuum volvens audax induſtria mundum 
 Gaudet, & bumand ſidera mente regit. 
. Quid falſo in ſontem tonitru Salmonea miror ? 
AA mula naturg parva reperta manus, 


Here I ought to mention the Sciatherical Inſtga - LY 7 
ments, for want of which there was a time Mhen 
the Grecians themſelves were forced to męaſure the L 
Shadow, in order to know the Hour z arid, as Hi) / 
(cap. ult, lib. VII.) tells us the Romans made ul 
of an erroneous. Sup-&ial for Minexy«fiine Years, 
till Q. Marcius Philippus, thejr Veiſſor, ſet up a bet- 
ter; which, no doubt, at at time, was thought a 
| 2 Jewel. 
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Jewel. And, at laſt, that famo 


ſuch uſeful and neceflary things, that alone may 
t, by which they are made. 
For, by theſe, we are able j loſet to judge 
| iſit the moſt di- 


ght add thoſe Inſtru- 
ments, which the Mathematiaans have invented to 
execute their own Precepts, for making Obſerva- 
tions either by Sea or Land, Surveying, Gauging, &c. 

The Catoptrirs and Dioptrics furniſh us with Va- 

riety of uſeful Inventions, both for the promoting 

of Knowlege, and the Conveniencies of Life z 

* whereby Sight, the great Inſtrument of our Percep- 

tion, is ſo much improved, that neither the Diſtance 

nor the Minuteneſs of the Object are any more Impe- 

diments to it. The Teleſcype is of ſo vaſt Uſe, that, 

beſides the delightful and uſeful Purpoſes jit is ap- 

ly*d to here below, s the deſcrying Ships, and 

en, and Armies, xt a Diftange, we have, by 

its means, diſcoveręd new Parts of the Creation, 

freſh Inſtances of the ſurpriſing Wiſdom of the 

adorable Creator. We have, by it diſcovered the 
Satellites of Jupiter, the Satellites and Ring of Saturn, 


the Rotation of the Planet about their own Axes; 
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to be before. And theſe Improvements in Aftronomy, 
have brought along with them (as ever) copre- 
ſpondent Improvements in Geography. Frorh the 
Obſervation of Fupiter*s Satellites, we havga ready 
Way to determine the Longitude of Plates on the 
Earth. On the other hand, the Micyrſcope has not 
been leſs uſeful in helping us to the Sight of ſuch 
Objects, as by their MinuteneſK eſcape our naked 
Eye. By it Men have purſyed Nature into its moſt 
retired Receſſes; ſo thay now it can hardly any 
more hide its greatefMyſteries from us. How 


ſcope of the Contrſvance and Structure of animal and 
vegetable ies, and the Compoſition of Fluids 
and Solids? But if theſe Sciences had never gone 
further, than by their ſingle Specula and Lentes to 
give thoſe ſurpriſing Appearances of Objects, and 
their Images, and to produce Heat unimitable by 
our hotteſt Furnaces, and to furniſh infallible, eaſy, 
cheap, and ſafe Remedies for the Decay of our 
Sight ariſing commonly from old Age, and for 
Purblindneſs, they had merited the greateſt Eſteem, 
and invited to the cloſeſt Study: Eſpecially, if we 
conſider, that ſuch as naturally are almoſt blind, 
and either know not their neareſt Acquaintance at 
the Diſtance of a Room's Breadth, or cannot read, 
in order to paſs their Time pleaſantly, are, by Glaſſes 
adapted to the Defect of their Eyes, ſet on a Le- 
vel again with thoſe that enjoy their Eye-ſight beſt, 
and that without Danger, Pain, or Charge. 
Again, Mathematics are highly ſerviceable to a 
Nation in Military Affairs. I believe this will be 
readily acknowleged by every Body, The Affairs 
of War take in ember, Space, Force, Diſtance, 


Time, Sc. (Things of Mathematical Conſideration) 


in all its Parts, in Tactics, Caſtrametation, Fortifying, f 
Attacking, and Defending. The Antients had more 4 
Occaſion for Mechanics in the Art of War than we i 
* 4 D have 3 ; i 

i 
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have; Gunpowder readily producing a Force far 
exceeding all the Engines, they had contriv'd for 
Battery. And this, I reckon, has loſt us a good 
Occaſion of improving our Mechanics; the Cun- 
ning of Mankind never exerting, itſelf ſo much, as 
in their Arts of deſtroying one another. But, as 
Gunpowder has made Mechanics leſs ſerviceable 
to War; it has made Geometry more neceſſary : 
There being a Force or Reſiſtance in the due Mea- 
ſures and Proportions of the Lines and Angles of 
a Fortification, which contribute much towards 


its Strength. Klis Art of Portification has been 
much ſtudy'd of late, I dare not affirm, that 
it has attained its utmoſt tion, And tho?, 


where the Ground is regular, it admits but of ſmall 
Variety, the Meaſures beiog pretty well determined 
by Geometry and Experience, yet where the Ground 
is made up of natural Strengths and Weakneſſes, it 
affords ſome Scope for Thinking and Contrivance. 
But there is another much harder Piece of Geometry, 
which Gunpowder has given us Occaſion to im- 
prove, and that is the Doctrine of Projectiles; 
whereon the Art of Geometryis founded. Here the 
Geometers have invented a beautiful Theory, and 
Rules and Inſtruments, which have reduced the 
Caſting of Bombs to great Exactneſs. 
Tactics and Caſtrametation, Mai hematic 
ſame Place in them as eve. And Aome tolerable 
Skill in theſe is nece ers, as well as for 
Engineers. An Officer, that underſtands Fortifica- 
tion, will, ceteris paribus, much better defend his 
Poſt, as knowing, wherein its Strength conſiſts, or 
make uſe of his Advantage to his Enemy's Ruin, 
than he that does not He knows, when he leads 
never ſo ſmall a Party, what his Advantages and 
Diſadvantages in Defending and Attacking are, how 
to make the beſt of his Ground, &c. And hereby 
aan do truly more Service than another of as much 
| 3 Courage, 
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Courage, who, for want of ſuch Knowlege, it 
may be, throws away himſelf, and a Number of 
brave Fellows under his Command; and it is well, 
if the Miſchief reaches no further. As for a com- 
petent Skill in Numbers, it is fo neceſſary to Officers, 
that no Man can be ſafely truſted with a Company, 
that has it not. All the Buſineſs is not to fire Muf- 
quets; the managing of Affairs, the dealing with 
Agents, &c. happen more frequently. And the 
higher the Command is, the more Skill in all the 
aforeſaid things is required. appeal to 
all the Nations in Europe, whether, e@teris paribus, 
Officers are not advance 1 ortion to their 
Skill in Mathematical Learning x except, that ſome- 
times Great Names and Quality carry it; but ſtill 
ſo, as that the Pryce depends upon a Man of Ma- 
thematical Learying, that is put as Director to the 
Quality, w arning is wanting in it. 
Laſtly, Navigation, which is made up of Aſtronomy 
and Geometry, is ſo noble an Art, and to which 


Mankind owes ſo many Advantages, that, upon 


this ſingle Account, thoſe excellent Scien es deſerve 
moſt of all to be ſtudied, and merit the greateſt 
Encouragement from a Nation, that owes to it both 
its Riches and Security. And not only does the 
common Art of Navigation depend o 
tics, but whatever Improvements ſnhaH be made in 
the Architectura Navalis, or Building'of Ships, whe- 
ther they are deſigned for Mg&chant-Ships, or 
Ships of War, whether ſwift rfnning, or bearing 
a great Sail, or lying near the Mind, be deſired, theſe 
mult all be the Improvemeyts of Geometry, Ship- 
Carpenters, ' indeed, are vgry induſtrious ; ,but in 
theſe things they acknowhege their Inability, con- 
feſs that their beſt Proghictions a'e the Effects of 
Chance, and implore the Geometer's Help. Nor will 
common Geometry do the Buſineſs; it requires the 
moſt abſtruſe to determine the different Sections ot. 

| D 2 | a Ship, 
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a Ship, according as it is deſigned for of 'the 
aforeſaid Ends. A French Matherpdtician P. le 
Hoſte has lately endeavoured ſorptthing in this 
way: And tho it is not free frm Errors, as re- 
quiring a fuller Knowlege in Geometry ;, yet is the 
Kok much to be commexded for this, as having 
bravely deſigned, and pay*d the Way for other Ma- 
thematicians; and alſg/for the former and bigger 
Part of his Book, wherein he brings to a Syſtem 
the Working of Hips, and the Naval Tactics, or 
the regular Diſpyſition of a Fleet in Attacking, 
Fighting, and Retreating, according to the differ- 
ent Circumſtances of Wind, Tides, Sc. 

The great Objection, that is made againſt the 
Neceſſity of Malt bemalics, in the fore- mentioned 
great Affairs of Navigation, the Art Military, &c. 
is, that we ſee thoſe Affairs are carried on and ma- 
naged by ſuch, as are not great Mathematicians; 
as Seamen, Engineers, Surveyors, Gaugers, Clock- 
makers, Glaſs-grinders, &c. and that the Mathe- 
maticians are commonly ſpeculative retired, ſtu- 
dious Men, that are not for an active Life and 
Buſineſs, but content themſelves to fit in their Stu- 
dies, and pore over a Scheme, or a Calculation. To 
which there is this plain and eaſy Anſwer : The Ma- 
maticians have not only invented and ordered all 
the Arts above-mentioned, by which thoſe grand 
Affairs are managed; but have laid down Precepts, 
contrived Inſtruments and Abridgments ſo plainly, 
that common Artificers are capable of practiſing 
by them, tho' they underſtand not a Tittle of the 
Grounds, on which the Precepts are built. And 
in this they have conſulted the Good and Neceſſi- 
ties of Mankind. Thoſe Affairs demand ſo great 
a Number of People to manage them, that it is 
impoſſible to breed ſo many good or even tolerable 
Matliematicians, The only thing then to be done 
was to make their Precepts fo plain, that they might 
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be underſtood and practiſed by a Multitude of 
Men. This will beſt appear by Exampſes. No- 
thing is more ordinary than Diſpatch/of Bulinefs 
by common Arithmetic, by the Tables f fimple and 
compound Intereſt, Annuities, &c. et how few 
Mea of Buſineſs underſtand the Reaſgns of common 
Arithmetic, or the Contrivance of ſthoſe Tables, 
now they are made; but ſecurely ly on them as 
true. They were the good and the thorough 
Mathematicians, that made thoſe Precepts ſo plain, 
and calculated thoſe Tables, hat facilitate the 
Practice ſo much. Nothing ij more univerſally 
neceſſary, than the meaſuring gf Plains and Solids : 
And it is impoſſible to breef ſo many good Ma- 
thematicians, as that there may be one, that un- 
derſtands all the Geometry r 7. for Surveying, 
and Meaſuring of Priſms and Pyramids, and their 
Parts, and Pouring 2 of Conoids and Spbe- 
roids, in every Market-Tpwn, where ſuch Work 
is neceſſary : The Mathematicians have therefore 
inſcrib'd ſuch Lines on their common Rulers, 
and Slipping Rulers, and adapted ſo plain Pre- 
cepts to them, that every Country-Carpenter, and 
Gauger, can do the Buſineſs accurately enough; 
though he a Proe more of thoſe Inſtruments, 


Tables, and Prefgepts he makes uſe of, than a 
Hobby-horſe. in Navigation, it is impoſſible 
to breed ſo many good Mathematicians, as would 
be neceſſary to ſail the hundredth Part of the Ships 
of the Nation. But the Mathematicians have 
laid down ſo plain and diſtinct Precepts, calcu- 
lated neceſſary Tables, and contrived convenient 
Inſtruments, ſo that a Sea-man, that knows not 
the Truths, on which his Precepts and Tables de- 


pends may practiſe ſafely IF ther” They reſolve 
riangles every Day, that not the Reaſon 
of any one of their Operations. N 
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Calculations make uſe 0 ficial Numbers, or Lo- 
garithms, that know nothing of tei trivance : 


And indeed all choſe great Inventions of the moſt 
famous Mathematicians had been almoſt uſcleſs 
for thoſe common and great Affairs, had not the 
Practice of them been made eaſy to thoſe who 
cannot underſtand them. From hence it is plain, 
that it is to thoſe Speculative Retir'd Men, we owe 
the Rules, the Inſtruments, the Precepts for uſing 
them, and the Tables which facilitate the Diſ- 

tch of ſo many great Affairs, and ſupply Man- 

ind with ſo many Conveniencies of Life. They 


uſt the ſame w arts of Matbema- 
tics, the Prect ultitudes, 
without bei „ were contriv'd by ſome 
few great? 5 | Woes 


Since then it has been ſhewn, how much Ma- 
 thbematics improve the Mind, how ſubſervient 
they are to other Arts, and how immediately 
ufeful to the Commonwealth, there needs no 
other Arguments or Motives to a Government, to 
encourage them. This is the natural Conclufion 
from theſe Premiſes. - Plato, in his Republic, (lib. 
VII.) takes care, That, whoever is to be educated 
for Magiſtracy, or any conſiderable Poſt in the Com- 
monwealth, may be inſtrufted firft in Arithmetic, 
then in Geometry, and thirdly in Aſtronomy, And 
however neceſſary thoſe Arts were in Plato's time, 
they are much more fo now: The Arts of War 
and Trade requiring much more the Aſſiſtance of 
thoſe Sciences now, than they did then: as being 
brought to a greater Height and Perfection. And 
accordingly we fee, theſe Sciences are the parti- 


cular Care of Princes, that deſign to raiſe the 
| Force 
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Force and Power of their Countries. It is well 
known, that this is none of the leaſt Arts, where- 
by the French King has brought his Subjects to 
make that Figure at Sea, which they at this 
Time do; I mean, the Care He takes for Educa- 
tsng thoſe appointed for Sea- ſervice in Mathema- 
tical Learning. For in the Ordonnance Marine, 
Title VIII. He orders, that there be Profeſſors 
to teach Navigation publickly in all the Sea- port 
Towns, who muſt know Deſigning, and teach it 
„to their Scholars, in order to lay down the Ap- 
< pearances of Coaſts, c. They are to keep 
their Schools open, and read four times a Week 
© to the Seamen, where they muſt have Charts, 
Globes, Spheres, Compaſſes, Quadrants, Aſtro- 
labes, and all Books and Inſtruments neceſſary 
to teach their Art. The Directors of Hoſpitals 
are obliged to ſend thither yearly two or three 
of their Boys to be taught, and to furniſh them 
with Books and Inſtruments. Thoſe Profeſſors 
are oblig'd to examine the Journals depoſited 
in the Office of Admiralty, in the Place of their 
Eſtabliſhment ; to correct the Errors in Preſence 
© of the Seamen, and to reſtore them within a 
Month, Cc. King Charles the Second, who well 
underſtood the -Importance of Eſtabliſhments of 
this Nature, founded one ſuch School in Chriſt's 
Hoſpital, London; which, I believe, is inferior to 
none of the French: But *tis to be wiſhed there 
were many more ſuch. His preſent Majeſty, during 


8 a. a 2a a..oe 


the Time of the late War, eſtabliſhed a Mathematt- 


cal Lecture to breed up Engineers and Officers, as 


knowing very well the Importance thereof. And 


this continued ſome time after the Peace. And it 
is worthy the Confideration of the //i/dom of the 
Nation, whether the reſtoring and continuing this, 
even in Peace, be not expedient for the breeding 

| of 
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of Engineers, who are ſo uſeful arid valuable, and 


fo difficult ro be had in Time of War, and fo 
httle dangeous in Times of Peace. ' 
Beſides the Crowd of Merchants, Seamen, Surs 
veyors, Engineers, Ship-carpenters, Artiſans, &c. 
that are to be inſtructed in the Practice of ſuch 


Parts of Mathematics, as are neceſſary to their 


own Buſineſs reſpectively, a competent Number of 
able Mathematicians ought to be entertained, in 
order to apply themſelves to the Practice; not 
only to inſtruct the former Sort, but likewiſe to 
remove thoſe Obſtacles, which ſuch, as do not 
think beyond their common Rules, cannot over- 
come. And no doubt it is no ſmall Impediment 
ro the Advancement of Arts, that Speculative Men, 
and good Mathematicians, are unacquainted with 
their particular Defects, and the ſeveral Circum- 
ſtances in them, that render things praicable or 
impracticable. But if there were public Encou- 
ragement, we ſhould have skilful Mathematicians 
employed in thoſe Arts, who would certainly 
find out and remedy the Imperfections of them. 
The preſent Lords Commiſſioners of the Admi- 
ralty, knowing that there are ſtill two great De- 
ſiderata in Navigation, to wit, The Theory of the 


Variation of the magnetical Needle, and a Method of 


finding out the Longitude of any Place, that may be 
practicable at Sea by Seamen, and being ſenſible, 


of what Importance it would be to find out 


either of them, have employed a very fit Perſon, 
the ingenious Mr. Halley, who has joined an in- 
tire Acquaintance in the Practice, to a full and 
thorough Knowlege of the more abſtruſe Parts 
of Mathematics, And now that he is returned, 
it is not doubted, bur he will ſatisfy thoſe that 


ſent him, and, in due time, the World too, with 


his Diſcoveries in both. thoſe Particulars, and in 


4 
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many other that he has had Occaſion to make. 


And where a long Series of Obſcrvations and Ex- 
periments is neceſſary, he has, no doubt, laid ſuch 
a Foundation, as that After-Obſervers may gra- 
dually perfect them. If it were not for more 
than the Correcting the Situation of the Coaſts 
where he touched, and by them others, whoſe 
Relation to the former is known, the Nation is 
more than triply paid: And thoſe who ſent 
him, have, by this Miſſion, ſecured to themſelves 
more true Honour, and laſting Fame, than by 
2 that, at firſt View, appear more magni- 
cent. 


The next thing that is neceſſary for the Im- 


** of Mathematical Learning, is, That 
athematics be more generally ſtudied at our 


Univerſities than hitherto they have been. From 


thoſe Seminaries the State juſtly expects and de- 
mands Thoſe who are acquainted both with the 
Speculation and Practice. In thoſe are all the En- 
couragements to them imaginable, Leiſure and 
Aſſiſtance, There are ſtill at hand Books and In- 


ſtruments; as alſo other Scholars that have made 


equal Progreſs, and may be Comrades in Study 
and the Direction of the Protefſors. There are 
alſo in Perfection all the Incitements to this Study; 
and eſpecially an Acquaintance with the Works of 
the Antients, where this Learning is ſo much re- 
commended. There other Faculties are ſtudied, 
to which it is ſubſervient. There alſo are the 
Nobility and Gentry bred; who, in due time, 
muſt be called to their Share in the Government 
of the Fleets, Army, Treaſury, and other public 
Employments, where Mathematical Learning 1s ab- 
ſolutely neceſſary, and, without which, they, tho? 
of never ſo great natural Parts, muſt be at the 
Mercy and Diſcretion of their Servants and De- 

* puties; 
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puties; who will firſt cheat them, and then laugh 
at them. And not only public Employments, 
but their private Concerns, - demand Mathema- 
tical Knowlege, If their Fortunes lie in Woods, 
Coal, Salt, Manufactures, Sc. the Neceſſity of 
this Knowlege is open and known: And, even in 
Land -· Eſtates, no Undertaking. for Improvement 
can be ſecurely: relied upon without it. It not 
only makes a Man of Quality and Eſtate his 
whole Life more illuſtrious, and more uſeful. for 
all Affairs, (as Hippocrates ſays, Ioxing d u, col, 
© ral, Teoud]puis, rai Ag hjũʒü . & yep piver ofo x, v 
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54pm, &c.) but in particular; it is the beſt Com- 
panion for a Country Life. Were this once be- 
come a faſhionable Study, (and the Mode exerciſes 
its Empire over Learning as well as other things) 
it is hard to tell, how far it might influence the 
Morals of our Nobility and Gentry, in rendering 
them ſerious, diligent, curious; taking them off 
from the more fruitleſs and airy Exerciſes of the 
Fancy, which they are apt to run into. | 
The only Objection I can think of, that is 
brought againſt theſe Studies, is, That Mathema- 
tics require a particular Turn of Head, and a 
happy Genius, that few People are Maſter: of ; 
without which all the Pains beftowed upon the 
Study of them are in vain : They imagine, that a 
Man muſt be born a Mathemalician, I anſwer, That 
this Exception is common to Mathematics and 
other Arts. That there are Perſons that have a 
particular Capacity and Fitneſs to one more than 
another, every body owns: And, from Experience, 
I dare ſay, it is not in any higher Degree true 
concerning Mathematics, than the others, A Man 
of good Senſe and Application is the Perſon that 
| 18 
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is by Nature fitted for them; eſpecially if he be- 
ins betimes : And, if his Circumſtances have been 
ſuch, that this did not happen, by prudent Di- 
rection the Defect may be ſupplied, as much as in 
any Art whatſoever. The only Advantage this 
Objection has, is, That it is on the Side of Sofi- 
neſs and Idleneſs, thoſe: powerful Allies 
There is nothing furtber remains, Sir, but that 
I give you my Thoughts in general concerning 
the Order and Methed of ſtudying Mathematics ; 
which I ſhall do very briefly, as-knowing that you 
are already acquainted with the beſt Methods; and 
others with you may have them eafily from the 
beſt and ableſt Hands. 
Firſt, then, I lay down for a Principle, That no- 
body at an Univerſity is to be taught the Practice 
of any Rule without the true and ſolid Reaſon and 
Demonſtration of the ſame. Rules without De- 
monſtration muſt and ought to be taught to Sea- 
men, Artiſans, &c. as I have already ſaid; and 
Schools for ſuch People are fit in Sea-ports and 
Trading-Towns; but it is far below the Dignity 
of an Univerſity, which is deſign'd for Jolid and 
true Learning, to do this. It is from the Uni- 
verſities that they muſt come, who are able to 
remedy the Defects of the Arts; and therefore 
nothing muſt be taken on Truſt there. Seamen 
and Surveyors, &c. remember their Rules, becauſe 
they are perpetually practiſing them; but Scholars, 
- who are not thus employ'd, if they know not the 
Demonſtration of them, preſently forget them. 
Secondly, No- -Part of Mathematics ought to 
be taught by Compendiums. T his follows from the 
former. Compendiums are fit to give a general and 
ſuperficial Knowlege, not a thorough one. It is 
Time, and not the Bulk of Books, we ought to 
be ſparing of: And I appeal to any Perſon of 
E 2 Experience, 
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Experience, whether ſolid Knowlege is not ac- 
quir'd in ſhorter time by Books treating fully of 
their Subjects, than by Compendiums and Abridg- 
ments. | | 

From hence it follows, that the Elements of 
Arithmetic and Geometry are to be taught. Euclid, 
in his Thirteen Books of Elements, gives us both : 
but our preſent Way of Notation ſuperſedes ſome 
of thoſe of Arithmetic, as demonſtrating the Rules 
from the Operations themſelves. There remain 
then the firſt Six Books for the Geometry of Planes, 
and the laſt Three for Stercometry. The reſt ought 
to be read in their own Place, for the Perfection 
of Arithmetic. In teaching theſe, Care ought to 
be taken to make uſe of ſuch Examples, as ſuit 
with the Condition of the Scholar : For Inſtance, 
Merchants Accompts and Afairs for Examples of the 
Operations of Arithmetic, to one that is afterwards 
to have a Concern that way; whereas, to a Man 
of the firſt Quality, Examples from the Increaſe 
and Decreaſe of the People, or from Land or Sea 
Force, and from the Tactics, ought to be propoſed. 
For, it is certain, nothing makes one tir'd ſooner, 
than the frivolous and trifling Examples, that are 
commonly brought for the Exerciſe of the Rules 
of Arithmetic and Geometry; tho? this is common to 
them with the other Arts, as Grammar, Logic, &c. 

The Manner of Writing of the Mathematicians of 
This and the former Age makes Trigonometry, with 
the Manner of Conſtructing its Tables, &c. almoſt 
Elementary: And the Practical Geometry, commonly 
lo call'd, is very fit to come next, as an elegant 
Application of the Elements of Geometry to Buſineſs, 
as Surveying, Gauging, &c. 
. After the Elements of Spherics, which are per- 
fectly well-handled by Theodoſius, a full Inſight into 
the Principles of Aſtronomy will be neceſſary. 

| Meehanics 
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Mechanics come next to be read, which are the 
Ground of a great Part of natural Learning; and, 
afterwards, Optics, Catoptrics, and Dioptrics. 

But none of theſe, except the Elements, can be 
fully underſtood, until one is pretty well skill'd in 
Conic Sections: And all theſe are made more eaſy 
by ſome tolerable Skill in Algebra, and its Appli- 
cation to Geometry, | 

Theſe Foundations being laid, any one may, 
with great Eaſe, purſue the Study of the Mathe- 
matics, as his Occaſions require; either in its 
abſtract Parts, and the more recondite Geometry, 
and its Application to Natural Knowlege ; or in 
Mechanics; by proſecuting the Statics, Hydroſta- 
tics, Balliſtics, &c.: Or in Aſtronomy, by its Ap- 
plication to Geography, Navigation, Gnomonics, Aſtro- 
labes, &c. But, in moſt of theſe, a particular 
Order is not neceſſary : Any one may take That 
firſt, which he is moſt inclined to, 

I ſhall not offer you any Advice concerning the 
Choice of Books ; bur refer you (if you want any) 
to the Direction of thoſe who are eminent amon 
you in this Part of Learning. I ask your Pardon 
for the Omiſſion of Ceremony in theſe Papers ; hav- 
ing followed rather the ordinary Way of E/ay, than 
Letter. And, wiſhing you good Succeſs in your 
Studies, I am, . 


SIR, 


Your Friend and Serv ant. 
25 Novemb. 
1700. 
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